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In previous papers  from this laboratory  (1-3)  investigations have been 
described on preparations  related to  the agglutinogen A  of human blood, 
obtained  from  horse  saliva  and  commercial hog  pepsin.  The  substance 
contained in  pig  stomach is  further  discussed  in  this paper,  chiefly with 
regard to  the nature of nitrogen-containing components other than hexos- 
amine,  a  question  which  so  far  has  not  yet  been  subjected  to  special 
examination.  To this end methods for preparing the substances were used 
which might break down loose combinations with inactive material.  Our 
sources were commercial pepsin  and mucin; the group A  substance in the 
latter  is  doubtless  the  same  as  that  discovered  by  Schiff  (4)  in  pepsin 
preparations, both being made from pig stomachs.  1 
Since the last communication (3)  studies on A  substances have been re- 
ported by Freudenberg and his coworkers (5, 6), Meyer et al. (7), and Goebel 
(8); also connected with the subject is the investigation of the polysaccha- 
ride  of  Pneumococcus  XIV  by  Goebel,  Beeson,  and  Hoagland  (9-11). 
EXPERT~NTAL 
Methods of Preparation.--Commercial  mucin  2 was  stirred into  50  parts  of water 
warmed to 50°C.  To each liter of fluid 1.6 cc. of 50 per cent acetic acid was added and 
coagulation  effected by heating 100 cc. portions in the steam bath; heating was con- 
tinued for 10 minutes after a  temperature of 95°C. was reached.  After cooling the 
coagulum was removed by centrifugation.  750 cc. of 95 per cent alcohol were added 
to each liter of supernatant fluid and, when the slimy precipitate had settled, the liquid 
was  clarified  by filtration through Berkefeld  V  candies.  On  adding to the  filtrate 
500 co. of alcohol for each 700 cc. a precipitate separated which was collected in the 
centrifuge, washed with alcohol, and dried in vacuo over H2SO~.  The resulting  prep- 
aration (I) (the fraction precipitated  between  s/~ and  2 volumes of alcohol) was ob- 
tained in a yield of about 20 per cent and showed in hemolysis inhibition tests (2) ap- 
proximately twice  the activity of the original  crude  mucin.  An increase  in activity 
1  A sample of crystalline pepsin kindly given to us by Dr. J. H. Northrop was found 
by serological tests to contain only traces of A substance. 
s Special granular mucin type 1701-W from the Wilson Laboratories,  Chicago. 
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could be brought about by mild treatment with alkali, or with bromine (whereby no 
substitution took place), by digestion with papain-HCN or trypsin, or by heating with 
formamide, the last a  method  employed by Fuller (12)  for the preparation of poly- 
saccharides from bacteria. 
Further purification was conducted, using as indicator the antilytic activity for the 
sheep  hemolysin  in  anti-A  immune  sera.  In  one  process 50  gin.  of preparation I 
were ground,  suspended in  500  cc.  of formamide, and  heated in an  oil bath at  150 ° 
:t:5°C. for one hour; solution was complete within the first 10 minutes.  The substance 
was precipitated with 1 liter of alcohol, then twice reprecipitated from aqueous solution 
(500 cc.) by adding 1.5 to 2 liters of alcohol.  After drying, 9 volumes of glacial acetic 
acid were added to a  10 per cent solution in water and the precipitate removed.  Addi- 
tion to the supernatant fluid of half its volume of acetone gave a white flocculent pre- 
cipitate which was taken up in water and dialyzed in cellophane tubing against distilled 
water in the ice box.  The dialysate was precipitated with 4 volumes of alcohol with 
addition of sodium acetate.  The  precipitate was  washed  with absolute alcohol and 
dried.  After solution in  water  (9  cc.  per gin.), acidification with concentrated HC1 
(1 cc. for each 9 cc. of water) and reprecipitation by four volumes of alcohol, the sub- 
stance was redissolved in water and again dialyzed as above.  It was precipitated from 
the dialysate with 10 volumes of acetone.  This material, preparation II, was obtained 
in a yield of about 25 to 30 per cent of the starting substance I. 
A second procedure involved treatment of preparation I with papain-HCN followed 
by alcohol fractionation.  10 gm. of substance I  were dissolved in a mixture of 200 cc. 
of water and 200 cc. of ~/10 disodium citrate.  The solution was mixed with 10 cc. of 
a 4 per cent suspension of highly active papain and 10 cc. of a  1.5 per cent solution of 
KCN (neutralized to pH 5.0), and incubated at 37°C. for 7 days.  The fluid was then 
dialyzed against large volumes of distilled water during several days.  After filtration, 
some  sodium acetate  was  added  to  the  dialysate which  was  then  fractionated with 
alcohol.  The  fraction precipitating between  1.1  and  1.5  volumes  (7.1  gin.)  was dis- 
solved in nine parts of water, acidified with HC1 as above, and fractionated with alcohol. 
The precipitate obtained between 1.5 and 3 volumes of alcohol, was dissolved to give a 
10 per cent solution to which were added 8 volumes of glacial acetic acid.  A relatively 
inactive fraction was removed and addition of acetone to the supernatant fluid gave 
a  precipitate which was  dissolved in  water and  dialyzed in  the  cold.  The  material 
precipitated with  acetone  was  preparation III. 
Preparations from commercial pepsin were made as follows: The pepsin (Fairchild 
Bros. and Foster, 1 : 15,000)  was autolyzed  3 at 37°C. in 2 per cent solution in N/10 HC1 
for 10 days.  After neutralization and filtration the solution was heated, acidified with 
acetic acid, and, after filtering, was concentrated to small volume in vacuo.  The syrupy 
fluid was fractionated with alcohol, the substance coming down between 1 and 2 volumes 
being redissolved and refractionated.  The most active fraction, precipitating between 
1 and 1.5 volumes of alcohol, represented about 15 to 20 per cent of the starting material. 
A  10 per cent aqueous solution was then fractionated with acetic acid like prepara- 
tion II.  The  second fraction  (about  10 to  12  per cent of the starting material) was 
dissolved in water, dialyzed against several changes of distilled water, and precipitated, 
after addition of sodium acetate, with excess alcohol (preparation PI). 
8 A polysaccharide material, apparently different from ours, obtained upon autolysis 
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25 gin.  of the autolyzed pepsin substance before acetic acid fractionation were dis- 
solved in 250 cc. of water, mixed with 50 cc. of a 2.5 per cent trypsin solution, and brought 
to pH 8.1-8.2  with N/1  Na2CO3.  The mixture, diluted  to 500 cc.,  was incubated at 
37°C. for 10 days.  After filtration the substance was precipitated by adding 2 volumes 
of alcohol,  redissolved in 250  cc. of •/2  HC1 and reprecipitated with 2.5  volumes of 
alcohol.  This substance, in 10 per cent solution, was fractionated with acetic acid, as 
with preparation II.  The second fraction (about 50 per cent of the autolyzed pepsin 
material)  was  dialyzed  against  distilled  water  and  precipitated  with  acetone  (prep- 
aration  PII). 
The last four products dissolved much more readily in water than prepara- 
tion I, and their solutions were much less viscous.  For elementary analysis 
samples of the various preparations  (except PI)  were again subjected to 
TABLE  I 
Elementary Analyses* of Various A  Preparations 
Substance 
II§ 
III 
PI 
PII 
percent 
46.61 
46.44 
47.21 
46.85 
H 
#er cent 
6.91 
6.80 
6.63 
6.84 
Nt  Acetyl~ 
p~¢ent  percent 
6.00  12.07 
5.70  11.14 
5.51  10.52 
6.34  11.29 
Ash 
per cent 
Nil 
0.20 
2.36 
0.19 
* The values are calculated to ash-free basis. 
t Micro-Dumas (vide (7),  page 78). 
Vide (14).  Acetic acid was identified  by the silver salt.  (Ag: found 64.21, calcu- 
lated 64.65.) 
§ Sulfur  and phosphorus could not  be detected  in  this preparation;  the value for 
methoxyl was too small to be significant. 
prolonged dialysis,  reprecipitated  from dilute acid solution  (N/10 HC1)  by 
excess alcohol and dried to constant weight in high vacuo in an Abderhalden 
dryer  at  100°C.  over  P2Os.  The  analytical  results  are  given  in  Table  I. 
Table II gives the maximum values (vide infra)  for reducing substances, 
calculated as glucose, as measured after acid hydrolysis by Hanes's modifica- 
tion of the Hagedorn-Jensen method and by the Shaffer-Hartmann method. 4 
The hexosamine content was estimated by a  modification of the method of 
Elson  and  Morgan  (16)  essentially  similar  to  that  described  by  S~rensen 
(17).  Only 47 to 49 per cent of the colorimetrically determined hexosamine 
was isolated as glucosamine hydrochloride;  the difference between this and 
the  previous  result  (3)  calls  for  further  investigation.  Examination  of 
4 The higher values given by the former method may be due to the greater reactivity 
of the ferricyanide reagent for non-sugars  (cf.  Schlenker  (15)).  For  this  reason the 
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preparation lI by the procedure of Morgan and Elson (18) after hydrolysis 
with N/100 HC1 indicated that probably all the hexosamine was present as 
acetyl  hexosamine;  however  the  acetyl  values  found  are  higher  than 
would  be  required  by  the  hexosamine  content.  Galactose  was  again 
identified by the isolation of mucic acid corresponding to about 29 per cent 
galactose (vide 19).  By treatment with galactose yeast (20) the evolution 
of carbon dioxide in Kluyver-van Iterson tubes (19) corresponded to about 
31 per cent galactose (preparation II). 
TABLE  II 
Substance 
It 
II 
ni 
PI 
PII 
Reducing substance (as glucose) 
Hanes's method 
per ce~ 
60 
63 
62 
62 
61 
Shaffer-Har truant 
method 
10el cent 
58 
52 
55 
53 
Hexosamine 
peg ceni 
33 
33 
29 
30 
+21.9 °  (33°C.) 
+21.8 °  (30°C.) 
+19.8 °  (33°C.) 
+21.4 °  (33°C.), 
* Specific rotations were calculated from readings  on  5  per cent solutions in  1  din. 
tubes. 
t  Solutions of preparation  were  too  turbid for  polarimetric measurements. 
This determination was made on preparation PII before acetic acid fractionation. 
TABLE  III 
Preparation ...................................................  I  II 
Relative viscosity (22.5°C.) ......................  3.7  1.2 
Sedimentation rateat 22.5°C. (>(1013) .............  ce.  6.9  3.6 
The most active substance described by Freudenberg (6) differs from ours 
analytically in  that it  contains less nitrogen  (4.87  per cent)  and carbon 
(45.74  per cent), and more hydrogen (7.31  per cent).  Furthermore, 41.5 
per cent glucosamine hydrochloride was isolated.  Galactose could not be 
identified with certainty. 
Ultracentrifugal examination  ~ of two samples was made using 1 per cent 
solutions in 0.5 per cent NaC1.  The results are given in Table III. 
With  either substance there was no evidence for more than one corn- 
5 Grateful  acknowledgment  is  made  to  Dr.  E.  G.  Pickels  who  carried  out  this 
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ponent.  The sedimentation rate found for the slower sedimenting prep- 
aration II corresponded to a  molecular weight of not less than 40,000. 
Attempts to ascertain molecular weights of the substances were also made 
by the osmotic pressure method of Bourdillon (21).  Such a determination  8 
indicated  a  value  of  70,000  for  preparation  II,  while  substances  I,  PI, 
and PII gave quite inconsistent results, perhaps of an order of magnitude 
of 120,000  to 200,000. 
While the data just given and the fact that the substances here described 
were obtained after long dialysis point  to a  rather high molecular weight, 
there are reports on the dialyzability of A substances.  Such observations 
have been mentioned by Schiff (22, page 102; 23) and, recently, by Freuden- 
berg (6).  Schiff believes the substance to have high molecular weight since 
dialysis proceeds very slowly.  Freudenberg and coworkers assume a  low 
molecular weight (about 1000),  but this would seem not very probable on 
account of the serological reactions, viz. precipitation and complement fixa- 
tion.  In some experiments we have observed slow passage of active sub- 
stance through cellophane membranes.  One may infer, therefore, that the 
substance can exist as or be broken down at least to molecules of a size near 
to that limiting the passage through cellophane membranes. 
The qualitative reactions of the preparations were similar to those ob- 
tained with the material previously described (3).  The biuret and xantho- 
protein reactions of 5 per cent solutions were about as strong as those of 
0.2 per cent serum protein, while 1 per cent solutions gave Sakaguchi reac- 
tions (24) as intense as a 0.1 per cent serum protein solution.  Precipitation 
occurred with tannin, and with an excess of basic lead acetate.  The naph- 
thoresorcin and  orcin  tests  for uronic acids  and pentoses were negative. 
For the examination of the hydrolytic products a sample of substance II 
was refluxed with hydrochloric acid. 
A 2 per cent solution of the substance in N/1 HCI was heated and samples were with- 
drawn at intervals.  After 48 hours the remainder of the fluid was mixed with an equal 
volume of concentrated HC1, boiling was resumed, and further samples were taken. 
The  following determinations  were made by  the  procedures indicated: (a)  Total 
nitrogen by the manometric method of Van Slyke as modified by Goodner (25).  (b) 
Amino nitrogen by the manometric method of Van Slyke, using the standard reaction 
time for a-amino groups.  The strongly acid samples were neutralized before analysis. 
(c)  Ammonia nitrogen by  direct  Nesslerization, using  a  photoelectric colorimeter. 
(d)  Amino acids, calculated as nitrogen, by the ninhydrin method of Van Slyke, Dillon, 
and MacFadyen (26, 27).  The reaction was carried out uniformly at pH 2.5 with a 
e We are very much indebted to Dr. J. Bourdillon for these determinations. 556  GROUP  SPECIFIC A  SUBSTANCES.  IV 
constant heating time of 5 minutes.  Values obtained by this method  ~ are hereafter 
referred to as amino acid N; the COs which was measured being calculated as nitrogen 
by use of the factor ¼].  (e)  Total reducing power, and (f) hexosamine by the methods 
previously mentioned. 
The  data  obtained in such  an  experiment are shown  in Table IV.  The 
most significant result was that  a  considerable value/or  amino acid N  was 
TABLE  IV 
Acid Hydrolysis of Preparation II 
Hydrolysis was made with N/1 HC1  (upper part of table) and continued after addition 
of an equal volume of concentrated HC1 (lower part) 
Total reduction 
(as per cent glucose)  Amino N 
Time  Hexos-  Total N  Hexos-  Amino N  less  Amino  Ammonia 
elapsed  Sha~ter-  amine  amine N  hexos-  acid N  N 
Hanes's  amine N 
method  Hat  tmann 
method 
rain.  per cent  per cent  per cent  per cent  per cent  per cent  per cent  per cent  per cent 
0  12.5  5.0  0  5.85  0  0.14  0.14  0.05 
15  51.3  43.0  11.0  0.86  1.36  0.50 
30  57.0  i  52.5  12.3  0.96  2.63  1.67 
hrs.  i 
1  62.5  56.0  25.5  1.99  3.51  1.52 
2  63.5  57.5  30.5  2.38  4.01  1.63 
4  63.0  57.5  33.5  2.62  4.30  1.68  0.27 
6  63.3  57.5  32.5  2.54  4.35  1.79 
8  63.4  57.5  31.5  2.46  4.50  2.04  0.59 
12  63.3  57.5  30.3  2.37  4.61  2.24  0.82 
16  60.3  57.5  32.0  2.50  4.75  2.25  0.96 
24  59.0  55.5  32.8  2.56  4.87  2.31  1.21 
32  59.3  54.0  32.0  2.50  4.88  2.38  1.42 
48  57.8  i  51.0  32.5  5.80  2.54  4.88  2.34  1.58  0.16 
1  49.3  44.5  32.5  2.54  5.01  2.47  2.05  0.50 
2  48.8  44.5  32.5  2.54  5.00  2.46  2.04  0.55 
4  46.5  41.0  31.5  2.46  4.99  2.53  2.00  0.58 
8  44.0  38.5  30.5  2.38  4.84  2.46  2.01  1.08 
16  41.8  32.0  24.0  1.88  4.34  2.46  2.02  2.15 
32  40.3  19.5  17.3  5.76  1.35  3.86  2.51  2.01  2.15 
obtained by the ninhydrin method. 8  This value represents the bulk of the 
nitrogen  not  accounted  for  by  hexosamine  and  corresponds  to  about  35 
per cent of the total nitrogen. 
Hydrolyses  carried  out  on  the  other  products  gave  similar  values  for 
amino acid and hexosamine  N  (Table V). 
7 Although  glucosamine  gives  a  strongly positive  color  reaction  with  ninhydrin, 
no COs is evolved by heating with the reagent according to this procedure. 
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It is seen from Table IV that the figures for reducing substances attained 
their greatest value after one hour.  The serological activity, as measured 
by  hemolysis  inhibition  (2),  was  destroyed  at  an  even  greater  rate;  the 
activity disappeared after 15 minutes boiling with N/1 HC1 and was reduced 
to  10  per  cent  in  the  first  hour  upon  hydrolysis  with  N/10  HC1  (cf.  28). 
Hydrolysis by N/100  HC1 slowly diminished  the activity, which fell about 
50 per  cent  during  8  hours.  After  reaching  their  maximum the  reducing 
values  gradually  decreased,  indicating  decomposition  and,  likewise,  the 
colorimetrically  determinable  hexosamine  and  amino  N  diminished  as 
hydrolysis with strong acid was continued (cf.  17).  Comparing the data for 
amino N  and  amino acid N  one sees that when  the  figures for the  former 
are  near  their  maximum  the  latter  are  still  increasing  considerably,  def- 
initely  more  so  than  was  observed  in  parallel  experiments  with  some 
proteins  (silk  fibroin  and  egg  albumin),  with  or  without  the  addition  of 
carbohydrates. 
TABLE  V 
Distribution  of Nitrogen in  Various A  Preparations 
Values given in per cent of total N 
Substance ................... 
Amino acid N ......... 
Hexosamine N ........ 
35.0 
II 
35.2 
42 
III 
35.6 
42 
PI 
37.2 
41 
PII 
38.8 
36 
The  distribution  of  the  amino  acids  in  the  products  of hydrolysis  was 
determined in the usual manner. 
Approximately 5 gin.  of substance II  were  hydrolyzed  as in  the experiment just 
described.  After removal of most of the HC1 by repeated evaporation in  vaeuo and 
resolution, black insoluble  material (309 rag., containing practically no nitrogen)  was 
filtered off and washed.  The dark brown solution contained 279 rag. of total nitrogen 
and 91 rag. amino acid N.  It was evaporated to dryness in vacuo and taken up in a 
little methanol, whereby 922 mg. of glucosamine hydrochloride (N found 6.28 per cent, 
calculated 6.48 per cent) were separated, containing 22.4 per cent of the total nitrogen 
and representing only 47 per cent of the colorimetrically determined hexosamine.  After 
evaporating the solvent in vacuo the residue was taken up in water, acidified with HC1, 
and treated with an excess of 20 per cent phosphotungstic acid.  The combined super- 
natant fluid and washings  were freed of phosphotungstic acid by extraction with ether, 
and the aqueous solution evaporated to dryness in vacuo.  The residue  was taken up 
in methanol leaving behind a small quantity of inorganic material.  After evaporation 
of the methanol the residue was dissolved in water.  This solution was treated accord- 
ing to the method of Foreman (29) for the determination of dibasic amino acids, as 
modified  by Jones  and  Moeller  (30).  The  alcohol-insoluble  barium  salts  contained 
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of Ba  +÷, contained 79.1 per cent of the amino acid N, while 8.9 per cent was found in 
the phosphotungstic acid precipitate;  the three fractions sum up to 95.5 per cent. 
In a preliminary experiment, by application of the procedure of Town (31) a copper 
salt fraction soluble in methanol was separated, from a hydrolysate of preparation  I, 
in which almost one-third of the nitrogen appeared  to be non-amino N and one-half 
amino acid N.  Furthermore, after a portion of the solution obtained from the alcohol- 
soluble barium salts (vide supra)  was completely deaminated  (no blue color with nin- 
hydrin) and freed of reducing substances (32, 33), a considerable amount of nitrogen was 
found by the Van Slyke ninhydrin method. 
Attempts to isolate individual  amino acids are being made.  Reactions 
for  arginine  and  histidine  were  positive,  for  tyrosine  and  tryptophane 
(before hydrolysis)  and  for phenylalanine  (34)  and  oxyproline  (35)  nega- 
tive; failure to find any sulfur excludes more than traces of cystine (cysteine) 
and methionine.  A  positive result  was given  by  the  test  of  Fromageot 
and  Heitz  (32,  33)  for alanine. 
Although  according  to  Van  Slyke's  ninhydrin  method  the  substances 
contain  a  considerable percentage  of amino  acids  (Table V)  they  are not 
precipitated by most of the usual protein precipitants, and are not markedly 
altered  chemically by the action of various proteolytic  enzymes.  In  this 
connection it is to be noted that the biuret and xanthoprotein  reactions are 
relatively  weaker  than  those  given  by  protein  solutions  containing  an 
equivalent amount of amino acids,  and  that  the ninhydrin color reaction is 
very weak. 
Serological tests gave a somewhat unexpected result, namely, a difference 
in the various preparations as regards the activities found with inhibition of 
hemolysis and isoagglutination.  In the former test all the substances were 
found  to  be  as  active  as  those  examined  before  (2,  3)  except  the  crude 
preparation  (I) which was only ~  to 1/~ as active.  In contrast to this,  in 
the agglutinin  inhibition  test preparations iII and PI had about half and 
II  and  PII only  1/10  to  1/20 of the  activity of substance I.  (Also, the 
substance from horse saliva (2) was found to be much weaker in this test 
than substance I.)  Thus, treatment with formamide diminished consider- 
ably the antiagglutinating  capacity and, at the same time, raised the anti- 
hemolytic  activity.  In  this  case,  which  was  more  fully  examined,  the 
increase  in  (antilytic)  activity must probably be ascribed to a  structural 
change and not to separation of inactive material,  since 95 per cent of the 
starting  material  with  about  twice  the  potency  was  recoverable  after 
heating  with  formamide. 
Diminution  of  antiagglutinating  activity  by  tryptic  digestion has  already  been 
observed by Jorpes and Norlin (36-38) with a substance of relatively low activity from 
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into two fractions, one responsible for the hemolysis inhibition activity and apparently 
polysaccharide  in nature and the other, considered to be protein, possessing the anti- 
agglutinating activity.  Separation  of  fractions  from A erythrocytes differing with 
regard to the two tests was first observed by Brahn and Schiff (23). 
Treatment of our preparation II with an excess of basic lead acetate failed to effect 
a separation of chemically unlike fractions.  After freeing of lead both the precipitate 
and supernatant fluid with H~SO4 and throwing  down the substances  with alcohol it 
was found that about 80 per cent went into the lead precipitate.  This fraction had 
practically the original potency in both serological tests while the substance  got from 
the supernatant fluid was somewhat less active in hemolysis inhibition  and very weak 
in the isoagglutinin test.  Chemically, both fractions had the same ratio of amino acid 
N to total N, and similar hexosamine content. 
It may be mentioned that all the substances were precipitated to about 
the same dilutions (up to  1:500,000)  by rabbit immune sera for human A 
blood, and, at low temperature, by horse antiserum to Pneumococcus XIV 
in accordance with the findings of Beeson and Goebel (11).  Not insignif- 
icantly, the Pneumococcus XIV antibodies are not related  specifically  to 
human A  blood but agglutinate human cells of all groups as well as some 
animal bloods (39). 
Freudenberg  and Westphal (6)  have obtained a  substance  in small yield (37 mg. 
from 1 kg. of commercial pepsin) which appears to be of distinctly higher antihemolytic 
activity than ours;  data on the antiagglutinating potency of this preparation are not 
given.  It is, however, difficult without direct comparison  to come to a  definite con- 
clusion on this point.  Also, an increase in activity need not necessarily result from 
purification  but, conceivably, from separation of a particular component,  or modifica- 
tion of the substance  (page 558) favoring the heterologous serum reaction. 
COMMENT 
Taking into account the chemical nature of the substances and differences 
in the preparative methods, the analytical results are in rather good agree- 
ment among themselves and with analyses made previously (8, page 223). 
Whether  the  preparations  contain  chiefly one,  or  several  molecular  spe- 
cies presumably similar in chemical composition, still remains to be decided. 
In conformity with previous results of others and from this laboratory (3) 
the substances studied contain galactose and acetyl hexosamine, probably 
in a molar ratio of 1:1  (vide Meyer et al.  (7),  Gurin and Hood (40)).  The 
carbohydrate part amounts to roughly 75 per cent of the preparations.  The 
balance may now be concluded to be largely, if not entirely, amino acids. 
That the amino acids are part of the substance and not an admixture is 
supported  by the following reasons.  Substances  with A  properties  have 
been obtained by various workers using different methods, with practically 
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tions), a value about twice as great as that corresponding to the glucosamine. 
This  "excess"  nitrogen could not be  removed, for instance,  by fractional 
precipitation,  digestion,  or  rather  drastic  treatment  with  formamide,  as 
described here, whereby, at least in the latter case, disaggregation probably 
takes  place in view of  the ultracentrifugal measurements.  Also, acetyla- 
tion of preparation II, and deacetylation of the chloroform-soluble product, 
as described  by Freudenberg  and  Westphal  (6),  yielded active  fractions, 
with 30 to 35  per cent of the nitrogen as amino acid N. 
Similar arguments have been advanced by Hewitt  (13)  in favor of the 
assumption  that  the  polysaccharide  present  in  proteins,  such  as  serum 
proteins,  is  a  part  of  the  molecular  structure.  The  separation  of  pure 
polysaccharides more or less related in composition or serological properties 
to blood group substances (e. g. Pneumococcus XIV (10, 11), Bacillus dysen- 
teriae Shiga (41), B. anthracis  (42))  has offered no unusual difficulties, and 
one would expect separation  of  a  pure  polysaccharide  could readily be 
effected in the present case too, were there not a combination between amino 
acids and carbohydrate.  It may be added that a number of typical protein 
reactions, such as precipitation by picric acid, trichloroacetic acid, etc., are 
negative (faint ninhydrin test) in the A preparations examined containing 
about 2 per cent amino acid N. 
The A  substance (from swine stomach) may, on account of its composi- 
tion, be considered in relation to the class of glycoproteins, though differing 
by virtue of the much higher sugar-amino acid  ratio  (about  75  per cent 
polysaccharide  in  comparison  to  the  15  to  20  per  cent  found  in  glyco- 
proteins); in this respect it would represent a  special type of substances. 
On  the  assumption of a  molecular weight of about  70,000,  if  the  amino 
acids were present as a  peptide structure,  the latter would have a  size of 
about  17,000. 
If the conclusion that amino acids are a  part of the molecule is valid, it 
is reasonable to assume that they are involved in the serological specificity. 
Furthermore there probably exist a good many haptens more or less related 
in  their  carbohydrate  make-up  to  the  A  substance,  as  are  the  bacterial 
polysaccharides  already  mentioned,  all  containing  glucosamine  and  two 
also galactose.  The existence of complexes of polysaccharides with amino 
acids would greatly increase the variety and, leaving out of account other 
differences, would give an explanation for the occurrence of a vast number 
of serologically different substances, as in erythrocytes.  Although, so far, 
no conclusive evidence has been furnished, it is certainly possible that  a 
pure polysaccharide will be isolated, for instance from swine stomach, which 
will  give  serological  reactions  for  A.  However,  there  may  well  be  dif- K. LANDSTEINER  AND  R. A. HARTE  561 
ferences in the serological specificity between such a polysaccharide and the 
original material from which it derives.  The complexity of the matter is 
illustrated by the observations of Friedenreich (43) and Dahr (44) that the 
group substance in human saliva is serologically different from that con- 
tained in human blood cells and that even the saliva substance itself can 
vary qualitatively.  For further clarification chemical investigation of the 
group substance in human red cells ought to be of value.  So far we have 
been able to demonstrate the presence of hexosamine in the stromata of 
blood cells  (man, sheep, etc.) by the method of Elson and Morgan. 
SUMMARY 
An investigation is  presented on  the  A  substance contained in  swine 
stomach.  Preparations made by several procedures, and largely consisting 
of carbohydrates, were found by means of the ninhydrin method of  Van 
Slyke and his colleagues to contain amino acids accounting for the bulk of 
the non-hexosamine nitrogen. 
As a working hypothesis the idea is advanced that amino acid structures 
can play a r61e in the serological specificity of haptens consisting predomi- 
nantly of polysaccharides. 
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